Abstract-
INTRODUCTION
In literature the modeling of multi-input multi-output (MIMO) LTI and stable dynamical systems using orthonormal bases is particularly attractive in parameter number reduction. This approach is developed by many authors [3] [4] [5] consists of decomposing the transfer matrix of MIMO LTI stable system on generalized orthonormal bases (GOB). The resulting model, known as MIMO-GOB model, prudes with two main advantages with respect to classical MIMO linear models such as, ARX, ARMAX, ….This first feature is its independence of system delay and sampling interval and the second interests the reduction of parameter number because of the completeness of generalized orthonormal basis in Lebesgue space 2 [0, [ ∞ . The MIMO-GOB model is handicapped by two essential factors. The first interested in the difficulty of the obtaining of the optima values for the generalized orthonormal bases. The second concerns the restriction of this model to the case of MIMO system decoupled representation. To circumvent these drawbacks, we propose to reduce the parameter complexity of these systems by using the MIMO ARX model projecting its parameter associated with the inputs and the outputs on independent Laguerre orthonormal bases. The resulting model, entitled MIMO-ARX -Laguerre model, could represent coupled and decoupled systems and ensures the parameter number reduction with a recursive and easy representation. Indeed, Bouzrara et al. [1] have proved that the decomposition of a SISO ARX model on Laguerre orthonormal bases ensures the parameter reduction even for a complex system unlike the classical Laguerre model [1, 2] . This result enables to extend the classical methods of the pole optimization of Laguerre bases and then to obtain a new black-box model with a simple recursive representation and characterizing coupled and decoupled MIMO system. We note that the optimal values of each Laguerre basis are obtained by extending the optimization method proposed by Tanguy et al. The paper is organized as follow. In section 2, a linear multivariable system is described by using the MIMO ARX model. In section 3 we present the MIMO ARX-Laguerre model by developing the coefficients of the classical MIMO ARX model on independent Laguerre bases. Section 4 is devoted to the simulation results in which we evaluate the performances of the MIMO ARX-Laguerre model compared to those of the classical MIMO ARX one in terms of the parameter complexity reduction and approximation quality. Finally, section 5 presents the conclusions.
II. THE MIMO ARX MODEL
A multivariable ARX model with m inputs and n outputs is given by: 
where I is a square identify matrix of dimension m.
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where the entries A ir (z -1 ) and B it (z -1 ) are polynomials in the delay operator
where ir δ is the Kronecker-delta; it equals 1 when i=r,
values of output number r affect output number i.
We consider the parameter matrices 1 θ and 2 θ given by:
and the regression matrices are given by:
We get the output equation as
We note that parameter of some particular cases of the model (10) can be identified by the hierarchical identification [6] [7] [8] .
III. THE MIMO ARX-LAGUERRE MODEL

A. Principle
From relation (1), each MISO system for i=1,…, m can be written:
The coefficients ( ) ir a j and ( ) it b j can be decomposed on independent Laguerre bases as follow: 
In practice, the infinite series in (13) and (14) can be truncated to a finite orders as follow: As mentioned in [1] , each polynomial of the ARX model can be decomposed on Laguerre orthonormal basis. We propose to extend this idea to the MIMO ARX model. The same procedure will be applied at each polynomial of the MIMO ARX model. We proceed by determining the recursive representation given by the polynomial A ir (z -1 ) and B it (z -1 ) .
The Z-transform of relation (16) gives: 
From (20), (22) and (23), we represent in Figure 1 , the filter network of the MIMO ARX -Laguerre model of the first output for two inputs two outputs systems.
From Figure 1, 
where :
with for i,r = 1,…, m; t=1,…,p: 
According to the recursive vector representation (24) each estimated parameter vector i C can be computed by the standard parameter estimation methods like RLS method. In Figure 3 , we plot the evolution of the first output y1 by using the ARX model and the ARX-Laguerre model. We note that with a parameter number equal to 8, the Normalized Mean square Error output NMSE=0.0036%. In Figure 4 , we plot the evolution of the second output y2 of the ARX model and of the ARX-Laguerre model. With the 8 parameters, the NMSE is equal 0.0033%. The performances in term of parameter number reduction and NMSE illustrate the robustness of the proposed model.
V. CONCLUSION
In this paper, a new approach for the input-output modelling of linear multivariable systems has been introduced which overcomes the parameter complexity of the MIMO ARX model. This reduction has been insured by developing the MIMO ARX model parameters on independent Laguerre bases. The proposed model is entitled the MIMO ARX-Laguerre presented as a simple recurrent representation. The proposed procedure of identifying the MIMO ARX-Laguerre model is tested on simulations and the performances in terms of parameter complexity reduction and approximation quality are highly appreciated.
